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FOREWORD 


This  document  provides  an  Executive  Summary  of  the  Foreign 
Experimental  Safety  Vehicle  test  and  evaluation  program  conducted 
by  the  Dynamic  Science  Division  of  Ultrasystems,  Inc,  under  NHTSA 
Contract  No.  DOT-HS-4-00860 . The  NHTSA  Contract  Technical  Man- 
agers for  this  program  were  Mr.  Norman  Stabler  and  Mr,  Gerald 
Walker . 

The  opinions  and  findings  expressed  in  this  publication  are 
those  of  the  authors  and  not  necessarily  those  of  the  National 
Highway  Traffic  Safety  Administration. 
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1 . 0  INTRODUCTION 


1 . 1 BACKGROUND 

The  National  Traffic  and  Motor  Vehicle  Safety  Act  of  1966 
(P.L.  89-563)  authorized  the  Secretary  of  Transportation  to  procure 
Experimental  Safety  Vehicles  (ESVs)  for  research  and  testing  pur- 
poses . 

The  objectives  of  this  ESV  program  were  to: 

1.  Demonstrate  the  technical  feasibility  of  significant 
advancements  in  automotive  safety  performance,  envi- 
ronmental effects,  and  crash  survival. 

2.  Stimulate  public  awareness  of  the  injury  reduction 
potential  and  the  economic  advantages  of  advanced 
automotive  safety  design, 

3.  Encourage  the  automotive  industry  to  increase  its 
effort  in  safety  research  and  to  accelerate  the  in- 
clusion of  advanced  safety  systems  in  production 
vehicles . 

4.  Develop  new  Motor  Vehicle  Safety  Standards  based  on 
results  of  testing  and  evaluation  of  the  ESVs. 

The  test  and  evaluation  program,  was  expanded  to  include 
quantitative  nondestructive  and  crash  testing  of  foreign  proto- 
type ESVs.  Test  procedures  developed  by  Dynamic  Science  in 
earlier  programs  formed  the  basis  for  most  of  the  tests  to  be 
performed.  Three  of  the  tests  were  based  upon  procedures  de- 
veloped by  the  Highway  Safety  Research  Institute,  University  of 
Michigan. 

This  specific  test  program  was  designed  to  comprehensively 
test  foreign  ESV  performance  and  to  assist  in  the  definition  and 
solution  of  problems  associated  with  the  traffic  mix,  car-to-car 
compatibility  and  aggressiveness. 

1.2  OBJECTIVE 

The  purpose  of  this  program  was  to  continue  the  quantitative 
nondestructive  and  crash  testing  of  foreign  prototype  ESVs.  The 
vehicle  performance  was  to  be  comprehensively  tested  and  was  to 
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be  used  to  assist  in  the  definition  and  solution  of  problems 
associated  with  the  traffic  mix,  car-to-car  compatibility,  and 
aggressiveness . 

1.3  REPORT  ORGANIZATION 


The  final  report  presents  a summary  of  the  work  performed. 
The  following  reports  are  incorporated  by  reference  and  provide 
the  detailed  presentation  of  the  subjects  covered  therein. 


Reference 


Title 


Report  No. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 


Accident  Avoidance  Test  Report  - 
Nissan  and  Toyota  Experimental 
Safety  Vehicles 


DOT-HS-801-713 


Nissan/AMF  ESVs  - 

Front-to-Front  Impact  Test  at  60  mph  DOT-HS-801-493 
Toyota/AMF  ESVs  - 

Front-to-Front  Impact  Test  at  60  mph  DOT-HS-801-526 
Toyota/AL5F-2  ESVs- 

Front-to  Rear  Impact  Test  at  60  mph  DOT-HS-801-623 
Fiat  2000/AMF  ESVs  - 

Front-to-Front  Impact  Test  at  75  mph  DOT-HS-801-492 
Fiat  2500B/AMF  ESVs  - 

Front-to-Front  Impact  Test  at  50  mph  DOT-HS-801-622 
Fiat  2500A/AJVIF  ESVs  - 

Front-to-Front  Impact  Test  at  75  mph  DOT-HS-801-443 


1.4  DESCRIPTION  OF  VEHICLES 


Descriptions  of  the  vehicles  are  given  in  Table  I for  the 
Nissan  and  Toyota  ESVs  and  in  Table  II  for  the  Fiats  (see  Figures 
1 thorugh  4) . 
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TABLE  I.  VEHICLE  DESCRIPTION,  NISSAN 

AND  TOYOTA  ESVs 

Nissan  ESV 

Toyota  ESV 

Body  Style 

4-Door  Sedan 

2-Door  Sedan 

Overall  Length 
(in. ) 

173.8 

169 . 3 

Overall  Width 
(in.) 

64.6 

70.9 

Overall  Height 
(in. ) 

54.5 

54 . 3 

Wheelbase  (in.) 

100.4 

90.6 

Tread  (in. ) 

Front 

53.7 

59.4 

Rear 

54.1 

59.1 

Number  of 
Passengers 

4 

2 

Front 

2 

2 

Rear 

' 2 

N/A 

Gross  Vehicle 
Weight  (lb) 

3465 

3196 

Distribution , 

%,  f/r 

50/50 

50/50 

Curb  Weight  (lb) 

2755.7 

2844 

Distribution , 

%,  f/r 

55/45 

52/48 

Useful  Load  (lb) 

710 

355 

Fuel  Tan)c 
Capacity  (gal) 

13.2 

Engine 

Displacement 

(in.3) 

108 

97 

SAE  Horsepower 
(hp) 

105 

88 

Compression 

Ratio 

8.5 

8.5 

Transmission 

Ratios:  1st 

3 . 382 

2.400 

2nd 

2.013 

1.479 

3rd/ 
4 th 

1.312/1.000 

1.000 

Re- 

verse 

3 . 365 

1.920 
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TABLE  I.  VEHICLE  DESCRIPTION,  NISSAN  AND  TOYOTA  ESVs  (CONTD) 

Nissan  ESV 

Toyota  ESV 

Axle  Ratio 

4 . Ill 

4 . 778 

Tire  Information 

Tire  Size 

BR  60  S14 

DR  60H-14  (tubeless) 

Rim  Width 
(in. ) 

5-1/2  J X 14 

6JJ  X 14 

Tire  Pressure, 
F/R  (psi) 

28/28 

24/24 

Inner  Liner 
Pressure  Dif- 
ferential 
(psi) 

36 

N/A 

Brakes 

Front 

Disc  with  Booster 

Disc 

Rear 

Alfin  Drum 

Disc 

Power  Assist 

Yes 

Yes 

Antilock 

Rear  Only 

4 -Wheel 

Steering 

Power  Assist 

No 

- 

Overall  Ratio 

18.9 

21.6 

Ratio  Variable 

No 

- 

Front  End  Align- 
ment Specifica- 
tions 

Caster  (deg) 

- 

2 . 5 

Camber,  L/R 
(deg) 

- 

0.5 

Toe-in  ( in . ) 

- 

0.12 

Additional 

Equipment 

Urethane-covered  bumper  with  hy- 
draulic shock  absorber;  honey- 
comb-sandwiched  hood;  periscope; 
passive  restraints;  seat  belt 
interlock  device;  central  warn- 
ing system;  high-back  safety 
seat  (front  and  rear);  3-beam 
headlight;  trail  lamp  unit;  2- 
level  rear  lamp;  crushable  sus- 
pension member;  Nissan  safety 
tire . 

Double  wishbone  front  axle  sus- 
pension; semitrailing  rear  sus- 
pension; passive  (lap)  belt; 
electrical  locking  retractor; 
radar  (pre-crash)  operated  gas 
bag;  all  solid-type  gas  bag 
(driver  seat)  and  hybrid-type 
gas  bag  (passenger  seat) ; sili- 
cone rubber-type  absorber  bumper 
(front  and  rear);  system  warns 
of  low  brake  fluid  level,  low 
brake  fluid  pressure,  antiskid 
failure,  brake  lining  wear,  au- 
tomatic transmission  failure, 
tire  deflation,  unlatched  doors, 
gas  bag  failure,  broken  head- 
lamps or  turn  signal  lamps,  over- 
heating, and  loose  fan  belt. 
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TABLE  II.  VEHICLE  DESCRIPTION,  FIAT 

ESVs 

Fiat  2000 

Fiat  2500 

Body  Style 

4-Door  Sedan 

4-Door  Sedan 

Overall  Length  (in.) 

165.9 

172.2 

Overall  Width  (in.) 

66.5 

68.2 

Overall  Height  (in.) 

55.3 

56.2 

Wheelbase  (in.) 

96.4 

95.3 

Number  of  Passengers 

4 

4 

Front 

2 

2 

Rear 

2 

2 

As-Received  Weight  (lb) 

2,190 

2,572 

Distribution,  %,  F/R 

61/39 

53/47 

(1)  These  vehicles  were  incomplete  and  were  furnished  for 
crash  injury  structural  evaluation  only. 

(2)  The  Fiat  2500B  vehicle  was  the  same,  except  it  also 
included  experimental  seats  to  permit  the  use  of 
anthropomorphic  dummies . 

(3)  For  the  Fiat  2500B. 
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Figure  1.  Nissan  ESV 
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Figure  2.  Toyota  ESV. 
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Figure  3.  Fiat  2000  ESV 
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Figure  4.  Fiat  2500  ESV . 


2 . 0  SUMMARY 


The  foreign  ESV  test  program  was  conducted  at  the  Dynamic 
Science  Deer  Valley  Facility.  During  this  program,  all  vehicles 
were  inspected  for  basic  design  parameters.  The  Nissan  and 
Toyota  vehicles  were  tested  for  accident  avoidance  characteris- 
tics, and  a total  of  six  crash  tests  was  conducted  on  the  Japanese 
and  Italian  ESVs.  The  tests  conducted  are  summarized  in  Table  III. 


TABLE  III 

. TESTS 

CONDUCTED 

Test 

ESV 

Nissan 

Toyota 

Fiat 

2000 

Fiat 

2500A 

Fiat 

2500B 

1.  Basic  Design  Parameter 

X 

X 

X 

X 

X 

2 . Accident  Avoidance 

X 

X 

3.  Crash  Injury  Reduction 

a.  Front-to-Front 

X 

X 

X 

X 

X 

b.  Front-to-Rear 

X 

2.1  INITIAL  INSPECTION  AND  EVALUATION  OF  DESIGN  PARAMETERS 

The  objective  of  this  inspection  was  to  determine  compliance 
with  basic  design  requirements  such  as  weight,  dimension,  and 
capacity. 

2.1.1  Nissan  and  Toyota  ESVs 

Weighing  was  performed  on  a level  surface  with  beam  scales 
set  in  a pit  to  allow  for  individual  wheel  weighing.  The  vehicle 
curb  weights  are  shown  in  Table  IV.  Both  vehicles  exceed  the  de- 
sign criteria  weight  goals  of  the  Japanese  ESV  Specification. 

Exterior  dimensions  of  the  test  vehicles  are  presented  in 
Table  V.  The  interior  dimensions  are  listed  in  Table  VI. 
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TABLE  IV.  NISSAN  AND  TOYOTA  ESV  CURB  WEIGHTS 

Nissan 

Toyota 

Wheel  Weights  (lb) 

LF  733 
RF  775 

LR  609 
RR  627 

LF  758 
RF  750 

LR  696 
RR  720 

Axle  Weights  (lb) 

Front  1508 

Rear  1236 

Front  1508 

Rear  1416 

Total  Vehicle 
Weight  (lb) 

2744 

2924 

Design  Criteria 
Japanese  ESV  Goal 

2530 

1980 

TABLE  V.  NISSAN  AND  TOYOTA  ESV  EXTERIOR 

DIMENSIONS 

Nissan 

Toyota 

Overall  Length  (in.) 

173.8 

169.2 

Overall  Width  (in.) 

64.0 

70.7 

Overall  Height  (in.) 

54.0  (roof) 

54.5 

59.3  (periscope) 

Wheelbase  (in.) 

100.6 

90.1 

Tread  Width  (in.) 

Front 

53.9 

59.0 

Rear 

53.6 

59.0 

Curb  Length/Wheelbase 

1.72 

1.87 

Specific  design  criteria  were  not  formulated  for  the  inte- 
rior dimensions  of  the  ESVs.  However,  these  dimensions  have  a 
direct  bearing  on  the  passenger  capacity  of  the  vehicle. 

Passenger  capacities  for  the  Nissan  and  Toyota  are  shown  in 
Table  VII. 
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TABLE  VI.  NISSAN  AND  TOYOTA  ESV 

INTERIOR  DIMENSIONS 

Nissan 

Toyota 

Head  Room  (in.) 

Front 

35.9 

36.9 

Rear 

33.7 

N/A 

Leg  Room  (in.) 

Front 

40.1 

39.9 

Rear 

34.6 

N/A 

Shoulder  Room  (in.)  (each  seat) 

Front 

19.5 

24.3 

Rear 

20.2 

N/A 

Hip  Room  (in.)  (each  seat) 

Front 

23.3 

20.7 

Rear 

21.1 

N/A 

Minimum  Knee  Room  - Rear  (in.) 

4.3 

N/A 

TABLE  VII.  NISSAN  AND  TOYOTA  ESV  PASSENGER 

CAPACITY 

Nissan 

Toyota 

Front 

Number 

2 

2 

Size  (Male  Percentile) 

95th* 

95th* 

Rear 

Number 

2 

N/A 

Size  (Male  Percentile) 

50th 

N/A 

Total 

4 

2 

*Marginal . 
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2.1.2  Fiat  ESVs 


One  2000-pound  class  and  two  2500-pound  class  Fiat  ESVs 
were  received  in  April  1974.  The  2000-pound  and  the  first  2500- 
pound  (Fiat  2500A)  ESVs  were  structural  vehicles  only  and  con- 
tained no  seats,  dash,  or  other  interior  materials.  The  second 
2500-pound  vehicle  (Fiat  2500B)  contained  two  different  experi- 
mental belt  restraint  systems  for  front  passengers.  The  steer- 
ing wheel  had  been  removed  and  a padded  foam  dash  installed. 

There  were  no  other  interior  materials  in  the  vehicle. 

All  three  Fiats  were  weighed  in  their  as-received  condition, 
and  exterior  dimensions  were  measured.  The  vehicle  weights  are 
presented  in  Table  VIII  and  the  exterior  dimensions  are  shown  in 
Table  IX. 


TABLE  VIII.  FIAT  ESVs  AS-RECEIVED  WEIGHTS 

2000 

2500A 

2500B 

Wheel  Weights  (lb) 

LF  675 

LR  4 27 

LF  713 

LF  572 

LF  64  2 

LR  605 

RF  662 

RR  426 

RF  644 

RR  551 

RF  720 

RR  605 

Axle  Weights  (lb) 

Front  1337 

Rear  853 

Front  1357 

Rear  1123 

Front  1362 

Rear  1210 

Total  Vehicle 

Weight  (].b) 

2190 

2480 

2572 

TABLE  IX.  FIAT 

ESVs  EXTERIOR  DIMENSIONS 

2000 

2500A 

2500B 

Overall  Length  (in.) 

165.5 

171.6 

171.6 

Overall  Width  (in.) 

66.9 

67.1 

67.6 

Overall  Height  (in.) 

57.6 

58.2 

58.8 

Wheelbase  (in.) 

96.5 

95.1 

95.6 

Tread  Width  (in.) 

Front 

52.0 

54.0 

5 3 5 

Rear 

.50 . 8 

53.6 

52.6 

Curb  Length/ 

Wheel  Base 

1.71 

1.80 

1.79 
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Lack  of  internal  padding  and/or  seats  obviated  conduct 
of  the  passenger  capacity  measurements. 

2.2  ACCIDENT  AVOIDANCE  TESTS 

The  accident  avoidance  tests  were  performed  on  the  Nissan 
and  Toyota  ESVs  only.  These  tests  are  divided  into  four  series 
as  follows: 

1.  Braking  Performance  Test  Series 

a.  Stopping  Distance 

b.  Pedal  Force 

c . Emergency  Brake 

d.  Brake  Efficiency 

e . Parking  Brake 

2 . Steering  Performance  Test  Series 

a.  Steady  State  Yaw  Response 

b.  Transient  Yaw  Response 

3 . Handling  Test  Series 

a.  Lateral  Acceleration 

b.  Sinusoidal  Steer 

c.  Trapezoidal  Steer 

4 . Overturning  Immunity  Test  Series 
a.  Drastic  Steer  and  Brake 

The  performance  of  these  two  vehicles  is  summarized  in  Table 

X. 

2.2.1  Braking  Performance  Test  Series 

The  stopping  distance  test  consisted  of  maximum  effort  stops 
using  an  initial  velocity  of  60  mph.  Braking  efficiency  compared 
the  actual  stopping  distance  to  that  which  would  be  produced  by 
the  same  tire  under  ideal  conditions.  Pedal  force  and  emergency 
brake  tests  were  concerned  with  the  brake  pedal  force  required  to 
yield  a specified  deceleration,  both  with  the  system  as  designed 
and  with  specified  failures.  The  parking  brake  test  determined 
the  holding  ability  on  a steep  grade. 
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TABLE 

X.  ACCIDENT  AVOIDANCE  PERFORMANCE  SUMMARY 

Test  Results 

Nissan  ESV 

Toyota  ESV 

Series 

Does  Not 

Does  Not 

Title 

Test  Title 

Conditions 

Complies 

Comply 

Complies 

Comply 

Brake 

Stopping  Distance 

60  mph.  System  Normal 

X 

X 

Performance 

Test 

Emergency  Brake 

Booster  Disabled 

X 

X 

Test  (60  mph) 

Primary  System  Disabled 

X 

X 

Secondary  System  Disabled 

X 

X 

Brake  Efficiency 

Minimum  Weight 

M 

X 

Test  (60  mph) 

Low-Coefficient  Surface 

M 

M 

Pedal  Force  Test 

System  Normal 

X 

M 

(60  mph) 

Booster  Disabled 

X 

X 

Primary  System  Disabled 

X 

X 

Secondary  System  Disabled 

X 

X 

Parking  Brake  Test 

Uphill 

X 

X 

Downhill 

X 

X 

Steering 

Transient  Yaw 

2 5 mph 

X 

X 

Performance 

Response  Test 

7 0 mph 

M 

M 

Steady  State  Yaw 

0 . 2G 

M 

M 

Response  Test 

0 . 4G 

M 

X 

0.6G 

X 

M 

Handling 

Lateral  Accelera- 

Dry  Surface 

X 

X 

Performance 

tion  Test 

Wet  Surface 

X 

X 

Trapezoidal  Steer 
Test 

40  mph 

N/A 

N/A 

Sinusoidal  Steer 

4 5 mph 

N/A 

N/A 

Test 

60  mph 

N/A 

N/A 

Overturning 

Drastic  Steer  and 

50  mph 

X 

X 

Immunity 

Brake  Test 

60  mph 

X 

V 

X 

M = Minor 

Deviation  N/A  = 

Not  Applicable  (No  ESV 

Specification) 

Table  X includes  the  Brake  Test  Series  summary.  Stopping 
distance  and  brake  efficiency  test  results  are  summarized  in 
Table  XI.  Both  vehicles  complied  with  Japanese  ESV  design  speci- 
fications for  stopping  distance,  for  the  60-mph  emergency  brake 
test  and  for  the  parking  brake  test.  Pedal  force  requirements  of 
the  pedal  force  test  were  met  for  all  but  one  condition,  as  shown 
in  Table  X.  In  this  case,  the  Toyota  pedal  force  was  too  low. 

The  braking  efficiency  tests  resulted  in  somewhat  less  than  80 
percent  efficiency  for  the  Nissan.  The  Toyota  braking  efficiency 
exceeded  the  80  percent  requirement  except  during  antiskid  device 
malfunctions . 
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TABLE  XI. 

BRAKE  TEST 

RESULTS 

Design  Requirement 

164-foot  stopping  distance  at  355-pound  load  on  dry  surface; 
80-percent  braking  efficiency  at  all  loads  on  surfaces  with 
friction  coefficient  between  0.2  and  0.8. 

Vehicle 

Surface 

Condition 

Load 

(lb) 

Stopping 

Distance 

(ft) 

Braking 

Efficiency 

(percent) 

Nissan  ESV 

Dry 

355 

162.4 

73 

Wet 

355 

376.6 

78 

Toyota  ESV 

Dry 

355 

143.4 

91 

Wet 

355 

277.3 

94* 

*Several  Toyota  ESV  wet  surface  stops  excluded  due 
device  malfunction. 

to  antiskid 

2.2.2  Steering  Performance  Test  Series 

Steady  state  yaw  tests  detennined  the  oversteer/understeer 
characteristics  of  the  vehicles.  Low-speed  (25-mph)  transient 
yaw  tests  exhibited  transient  steering  responses  that  were  ap- 
proximately critically  damped.  High-speed  (70-mph)  transient  yaw 
tests  exhibited  responses  that  were  slightly  underdamped  for  each 
vehicle.  A typical  example  is  shown  in  Figure  5. 

Steady  state  yaw  test  data  are  shown  in  Figure  6.  The  re- 
sults show  that  the  Nissan  ESV  performed  as  specified  except  for 
minor  deviations  at  the  higher  speeds.  The  Toyota  ESV  showed  ex- 
cessive oversteer  during  the  0 . 6G  lateral  acceleration  tests. 

2.2.3  Handling  Test  Series 

Lateral  acceleration  tests  determined  the  road-holding  capa- 
bilities of  the  vehicles.  Vehicle  response  during  the  initial 
phase  of  obstacle  avoidance  was  examined  in  the  trapezoidal  and 
sinusoidal  steer  maneuvers. 

Lateral  acceleration  test  results  are  displayed  in  Figure  7. 
Both  vehicles  met  all  requirements. 

Trapezoidal  steer  test  results  are  presented  in  Figures  8 
through  10. 
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Figure  5.  Transient  Yaw  Response  Test  Results 
(70  mph)  - Nissan  ESV. 
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Figure  6a.  Steady  State  Yaw  Response  Test  Results 
Nissan  ESV  Right  Turn. 


VEHICLE  VELOCITY  - MPH 


Figure  6b.  Steady  State  Yaw  Response  Test  Results 
Nissan  ESV  Left  Turn. 
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Figure  6c,  Steady  State  Yaw  Response  Test  Results 
Toyota  ESV  Right  Turn. 
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Figure  6d.  Steady  State  Yaw  Response  Test  Results 
Toyota  ESV  Left  Turn. 
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MINIMUM  MANUAL  CONTROL 
SPECIFICATION  PJIQUI REMENTS 


DRY  / 


WET  I 


100%  DESIGN  VALUE* 


0 . 74 


- 120%  DESIGN  VALUE 


0 . 75 


80% DESIGN  VALUE 


0.68 


120%  DESIGN  FRONT/80%  DESIGN  REAR 
I 


0.73 


80%  DESIGN  FRONT/120%  DESIGN  REAR 


0 . 72 


100%  DESIGN  VALUE 


0.69 


T" 

. 1 


. 2 TT  .4  ,5  .6  .7 

LATERAL  ACCELERATION  - G 
‘DESIGN  TIRE  PRESSURE  = 28  psi 


.9  1.0 


A.  Nissan  ESV  (Manual  Control) . 


MINIMUM  MANUAL  CONTROL 
SPECIFICATION  REQUIREMENTS 


rr 


dry/ 


IVET< 


100%  DESIGN  VALUE* 


0 . 81 


■ 

120%  DESIGN  VALUE  [ 

0 

1 

1 

80%  DESIGN  VALUE  | 

0 

79 

1 

1 

120%  DESIGN  FRONT/80%  DESIGN  REAR 

‘ 

1 

80%  DESIGN  FRONT/120%  DESIGN  Ri'.AR 

0 

75 

100%  DESIGN  VALUE  \ 

0 

71 

0 . 86 


p 1 1 1 r- 

0 .1  .2  .3  .4  .5 


"T 1 T 

.6  .7  .8 


.9  1.0 


lateral  ACCELERATION  - G 
*DESIGN  TIRE  PRESSURE  = 24  psi 


Note : 


Acceptable  performance  is  demonstrated  when  the  lateral 
acceleration  exceeds  the  specification  requirement. 


B. 


Toyota  ESV  (Manual  Control) . 


Figure  7.  Lateral  Acceleration  Test  Results. 
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Normalized  Path  Curvature  Ratio 


1.6 


Figure  8 . Measure  of  Vehicle  Response  to  Steering 
Input  (Trapezoidal  Steer) . 
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Figure  10.  Vehicle  Cornering  Ability  (Trapezoidal  Steer). 


The  test  results  are  presented  by  plotting  the  individual 
vehicle  performance  with  the  envelope  of  the  performance  of  the 
12  vehicles  covered  in  the  report  prepared  by  the  Highway  Safety 
Research  Institute  (HSRI)  of  the  University  of  Michigan  (DOT-HS- 
800-759,  Vehicle  Handling  Performance,  November  1972),  depicted 
as  the  HSRI  envelope  in  Figures  8 through  10. 

The  data  as  presented  in  Figure  8 permit  a relative  evalua- 
tion of  the  limits  of  the  vehicle  response  to  steering  inputs. 

The  slope  of  the  left  end  of  the  curve  indicates  the  responsive- 
ness of  the  vehicle  to  the  steering  inputs.  An  abrupt  change  in 
the  response  curve  shows  the  limit  beyond  which  a further  in- 
crease in  steer  angle  has  limited  effect  upon  path  curvature. 

Figure  9 provides  a measure  of  sideslip  rate  in  response  to 
the  steering  input.  A vehicle  which  remains  near  the  lower  en- 
velope is  less  likely  to  spin  out. 

Figure  10  illustrates  the  vehicle  cornering  ability.  This 
figure  also  provides  an  indication  of  whether  the  vehicle  is 
spin-out  limited  (indicated  by  an  abrupt  trend  upward,  toward 
the  right  side)  or  drift-out  limit  (indicated  by  a slowly  rising 
curve) . An  ideal  vehicle  would  have  performed  paralleling  the 
abscissa  with  a low  peak  sideslip  rate. 

The  sinusoidal  steer  test  is  an  evaluation  of  the  vehicle's 
ability  to  make  a lane  change  or  to  maneuver  to  avoid  an  obstacle. 
Summary  plots  of  the  peak  sideslip  angle,  lane  change  deviation, 
and  the  normalized  steer  angle  are  presented  in  Figures  11 
through  16.  As  with  the  trapezoidal  steer  test,  these  results’ 

are  compared  to  the  envelope  of  the  tests  recorded  in  the  HSRI 
report. 

Figures  11  and  12  indicate  the  capability  to  make  a lane 
change  without  causing  a spin-out  at  45  mph  and  60  mph.  In  gen- 
eral, a vehicle  remaining  near  the  lower  right  envelope  boundary 
would  indicate  a closer  adherence  to  steering  inputs  than  would 
one  nearer  the  upper  left  envelope  boundary.  Figures  13  and  14 
are  a measure  of  the  ability  of  a vehicle  to  achieve  a lane  change. 
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Figure  12.  Summary  Plot  Capability  to  Change  Lane  Without 
Spinout  (Sinusoidal  Steer  - 60  mph) . 
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13.  Suininary  Plot  Measure  of  Ability  to  Achieve 
Lane  Change  (Sinusoidal  Steer  - 45  mph) . 
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35 


a - Normalized  Steer  Angle  - Degrees 


Figure  14.  Summary  Plot  Measure  of  Ability  to  Achieve 
Lane  Change  (Sinusoidal  Steer  - 60  mph) . 
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PEAK  VEHICLE  SIDESLIP  ANGLE 
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a - NORMALIZED  STEER  ANGLE  - DEG 


Figure  15.  Summary  Plot  Measure  of  Spinout  Resistance 
(Sinusoidal  Steer  - 45  mph) . 
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Peak  Vehicle  Sideslip  Angle  - Radians 


a - Normalized  Steer  Angle  - Degrees 


Figure  16.  Measure  of  Spinout  Resistance  (Sinusoidal 
Steer  - 60  mph) . 
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Vehicles  which  parallel  the  lower  envelope  boundary  approxi- 
mate a lane  change  over  a large  range  of  steer  angles,  whereas 
vehicles  toward  the  upper  envelope  tend  to  have  larger  lateral 
displacements  as  the  steer  angle  increases. 

Figures  15  and  16  are  measures  of  spin-out  resistance  indi- 
cating the  steer  angle  which  may  be  achieved  before  spin-out 
occurs.  Spin-out  is  denoted  by  an  abrupt  change  in  slope  from 
horizontal  to  vertical. 

2.2.4  Overturning  Immunity 

Overturn  immunity  was  demonstrated  by  conducting  the  drastic 
steer  and  brake  test.  Neither  the  Nissan  ESV  nor  the  Toyota  ESV 
could  be  made  to  roll  over,  hence  they  demonstrated  excellent 
overturn  immunity. 

2.3  CRASH  INJURY  REDUCTION  TESTS 

In  total,  six  crash  injury  reduction  tests  were  performed. 

These  tests  were  part  of  an  NHTSA  program  to  evaluate  the 
compliance  of  foreign  ESVs  with  the  comprehensive  performance 
specifications  to  which  the  manufacturers  designed  their  vehicles 
and  to  demonstrate  the  improved  safety  features  of  the  ESVs  dur- 
ing vehicle  crash  conditions.  The  objective  of  the  tests  covered 
herein  was  to  assist  in  the  understanding  of  problems  associated 
with  crashworthiness  in  the  traffic  mix,  i.e.,  car-to-car  com- 
patibility and  aggressiveness.  In  these  crash  tests,  the  struc- 
tural integrity  and  dynamic  response  of  the  ESVs,  when  involved 
in  a collision  with  a larger  ESV,  were  evaluated  and  the  poten- 
tial benefits  of  velocity-sensitive  front  end  structures  to  ac- 
commodate lighter  weight  vehicles  were  also  investigated. 

These  tests  are  described  in  the  order  of  front-to-f ront  im- 
pacts of  Nissan,  Toyota,  Fiat  2000,  Fiat  2500A,  and  Fiat  2500B, 
then  the  front-to-rear  impact  of  the  Toyota.  In  all  cases,  the 
impacting  vehicle  was  an  AMF  ESV. 
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2.3.1  Nissan/AMF  Front-to-Front  Impact  at  60  Mph 

2. 3. 1.1  Vehicle  Structural  Response 

The  Nissan-El  ESV  and  the  AMF-2  ESV  collided  in  a front-to- 
front  head-on  impact  at  a closing  speed  of  59.7  mph.  A summary 
of  vehicle  test  data  is  presented  in  Table  XII.  A summary  of 
pertinent  crash  test  parameters  is  presented  in  Table  XIII. 


TABLE  XIX  SUMMARY  OF  VEHICLE  TEST  DATA  FOR  NISSAN-El/AMF-2  TEST 


Parameter 

AMF 

-2 

Nissan-El 

English 

Metric 

English 

Metric 

Vehicle  Test  Weight 

4,014  lb 

1,821  kg 

3,579  Ib*^* 

1,623  kg'^’ 

Impact  Speed 

+59.7  mph 

+96.1  km/hr 

0 . 0 mph 

0.0  km/hr 

Final  Speed 

+ 29.7  m.ph 

+47.8  km/hr 

+33.8  mph 

+54.4  km/hr 

@ 0.110  sec 

0 0.110  sec 

0 0.110  sec 

0 0.110  sec 

Velocity  Cliange 

30 . 0 mph 

48.3  km/hr 

33.8  mph 

54.4  km/hr 

Maximum  Deceleration 

22. OG  ? 0. 

039  sec 

36. IG  0 0 

.060  sec 

Post-test  Crush 

Not  Applicable 

25.1  in. 

638  mm 

Dynamic  Crush 

19.4/18.0  in.  (L/R) 

493/457  mm  (L/R) 

28.9  in. 

734  mm  ... 

0 0.062  sec'  ' 

0 0.062  sec'  ' 

Maximum  Post-test 

Intrusion 

(Left/Right) 

0 in . 

0 mm 

1. 0/1.0  in. 

25/25  mm 

(1)  Includes  four  dummies  weighing  668  pounds  (303  kg). 

(2)  Maximum  post-test  crush  is  based  on  the  front  edge  of  Nissan  lower  bumper. 

(3)  Based  on  post-test  cylinder  grease  marks. 

(4)  Based  on  film  analysis  of  Nissan  door  and  AMF  bumper  data. 


The  test  weight  of  the  Nissan  included  four  dummies  weighing 
668  pounds.  The  AMF/Nissan  weight  ratio  was  1.12.  The  Nissan 
was  initially  stationary  while  the  AMF  was  traveling  forward  at  a 
speed  of  59.7  mph.  Based  on  film  analysis,  the  final  speeds  re- 
sulting from  the  collision  were  29.7  mph  for  the  AMF  and  33.8  mph 
for  the  Nissan.  Thus,  the  velocity  changes  were  30.0  mph  for  the 
AMF  and  33.8  mph  for  the  Nissan.  The  Nissan/AMF  velocity  change 
ratio  was  1.13,  almost  the  same  as  the  AMF/Nissan  weight  ratio 
(1.12).  This  was  expected  from  conservation  of  momentum 
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TABLE  XIII.  SUMMARY  OF  CRASH  TEST  PARAMETERS 
FOR  NISSAN/AMF-2  TEST 

Parameter 

Value 

Closing  Speed 

59.7  mph  (96.1  km/hr) 

AMF/Nissan  Weight  Ratio 

1.12 

Nissan/AMF  Velocity  Change  Ratio 

1.13 

Coefficient  of  Restitution  (e) 

0.069 

Nissan/AMF  Deceleration  Ratio 

1.64 

Maximum  Relative  Crush 

46.7  in.  (1,186  mm) 

@ 0.080  sec* 

*Based  on  film  analysis  of  Nissan  and  AMF  door  targets. 

considerations.  The  coefficient  of  restitution  for  this  colli- 
sion was  computed  as  e = 0.069,  which  indicates  a highly  plastic 
collision. 

The  deceleration/time  histories  for  the  AMF  and  Nissan  com- 
partments are  presented  in  Figure  17.  These  curves  are  the  aver- 
age of  right-  and  left-frame  locations.  The  maximum  decelera- 
tion was  22. OG  at  0.039  second  for  the  AMF  and  36. IG  at  0.060 
second  for  the  Nissan.  The  Nissan/AMF  maximum  deceleration  ratio 
was  1.64,  somewhat  higher  than  the  AMF/Nissan  weight  ratio  of 
1.12.  However,  the  peak  G for  the  AMF  and  Nissan  compartments 
did  not  occur  at  the  same  time,  although  there  is  a G crest  for 
the  AMF  at  the  time  of  the  Nissan  peak  G.  The  dynamics  of  the 
bumper  and  engine  masses  at  the  vehicle  interface  apparently  had 
a significant  effect  on  the  AMF  and  Nissan  frame  responses  during 
the  early  impact  phase . 

The  static  residual  strokes  of  the  AMF  cylinders  were  not 
measured.  However,  the  dynamic  strokes,  a more  meaningful  crash 
parameter,  were  19.4  inches  for  the  left  cylinder  and  18.0  inches 
for  the  right,  for  an  average  dynamic  stroke  of  18.7  inches. 

These  values  are  based  on  post-test  grease  marks  on  the  cylinders. 
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Figure  17.  Deceleration/Time  Histories  of 

Nissan-El  and  AMF-2  Compartments. 

The  maximum  residual  crush  of  the  Nissan  was  25.1  inches 
based  on  the  deformation  of  the  front  edge  of  the  Nissan  lower 
bumper.  Figure  18.  The  crush  was  not  uniform  over  the  Nissan 
front  end.  The  residual  crush  was  only  8.4  inches  at  the  upper 
hood  level.  The  dynamic  crush,  based  on  a film  analysis  of  the 
Nissan  door  target  and  the  AMF  bumper,  was  28.9  inches  at  0.062 
second  after  impact.  It  is  characteristic  of  a car-to-car  crash 
involving  a hydraulic  energy-absorber  subsystem  that  the  maximum 
dynamic  deformations  of  the  two  -vehicles  do  not  necessarily  occur 
at  the  same  time.  The  maximum  relative  dynamic  displacement  (AMF- 
to-Nissan  deformation)  was  46.7  inches  at  approximately  0.080 
second,  based  on  high-speed  film  analysis  of  AMF  and  Nissan  door 
targets . 


34 


Figure  18.  Damage  to  Nissan  ESV  After  Front- 
to-Front  Impact  at  60  mph. 

The  maximum  residual  intrusions  into  the  Nissan  compartment 
were  less  than  1.0  inch.  These  deformations  would  not  present 
any  hazard  to  occupant  safety. 

2. 3. 1.2  Dummy  Response 

Four  50th  percentile  anthropomorphic  dummies  (Alderson,  VIP- 
50A)  were  included  in  the  Nissan  vehicle.  The  driver  (right- 
front  position)  was  restrained  by  a three-point  lap  belt/shoulder 
harness  and  the  crash-activated  air  bag.  The  other  dummies  were 
restrained  by  lap  belts  and  air  bags.  A summary  of  dummy  re- 
sponse data  is  presented  in  Tables  XIV  and  XV  for  the  front  and 
rear  dummies,  respectively.  Dummy  head  responses  were  well  with- 
in the  80G/3  msec  criteria  of  the  Japanese  ESV  specification  as 
well  as  within  the  HIC  criteria  of  1000  in  FMVSS  208.  Chest 
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TABLE  XIV.  FRONT  DUMMY  RESPONSE  DATA  SUIUIARY 

Dummy  Position  in  Vehicle 

Injury  Criteria 

Parameter 

Left  (Passenger) 

Right  (Driver) 

Dummy  Manufacturer 

Alderson 

Alderson 

Dummy  Percentile 

50th 

50th 

Dummy  Model 

VIP-50A 

VIP-50A 

Dummy  Weight  (lb) 

167 

167 

Head  Accelerations*** 

Peak  Resultant  (G) 
Time  over  BOG  (msec) 
Severity  Index 
HIC  Index 

59.0 

0 

604 

226 

53.3**** 

0 

634**** 

374**** 

None 

<3* 

< 1,000 
< 1,000** 

Head  Laceration  Index 

0 

0 

Chest  Accelerations 

Peak  Resultant  (G) 
Time  over  60G  (msec) 
Severity  Index 

39.4 

0 

239 

39.2 

0 

209 

60* 

<3 

< 1,000** 

Pelvic  Accelerations 

Peak  Resultant  (G) 

48.1 

No  Data 

None 

Femur  Loads 

Peak  Load  - left  (lb) 
Peak  Load  - right  (lb) 

700 

867 

No  Data 
1,208 

< <1,400* 

( < 1,700** 

Position  immediately 
after  impact 

Upright-leaning 
to  right 

Upright-leaning 
slightly  to 
right 

*Japanese  ESV  Specif ication  criteria. 

**FMVSS  208  criteria. 

***LF  dummy  head  hit  side  of  lighting  fixture  causing  dent; 
hit  right  "B"  pillar  padding  on  rebound. 

****Based  on  X and  Z data  only. 

RF  dummy  head 

TABLE  XV. 

REAR  DUMMY  RESPONSE  DATA  SUMMARY 

Dummy  Position  in  Vehicle 

Parameter 

Left 

Right 

Injury  Criteria 

Dummy  Manufacturer 

Alderson 

, Alderson 

Dummy  Percentile 

50th 

50th 

Dummy  Model 

VIP-50A 

VIP-50A 

Dummy  Weight  (lb) 

167 

167 

Head  Accelerations 

Peak  Resultant  (G) 

31.7 

31.7 

None 

Time  over  BOG  (msec) 

0 

0 

<3* 

Severity  Index 

222 

202 

< 1,000 

HIC  Index 

170 

160 

< l;000** 

Head  Laceration  Index 

0 

0 

Chest  Accelerations 

Peak  Resultant  (G) 

66.2 

41.7 

60* 

Time  over  60G  (msec.) 

1.0 

0 

<3 

Severity  Index 

310 

325 

< 1,000** 

Pelvic  Accelerations 

Peak  Resultant  (G) 

65.2 

61.8 

None 

Femur  Loads 

Peak  Load  - left  (lb) 

1,564 

1,429 

1 < 1,400* 

Peak  Load  - right  (lb) 

441 

1,230 

1 1 , 700** 

Position  immediately 

Upright- rotated 

Upright-leaning 

after  impact 

slightly  to  left 

slightly  to  right 

‘Japanese  ESV  specification  criteria. 

**FMVSS  208  criteria. 
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accelerations  were  within  the  60G  peak  Japanese  criteria  as  well 
as  within  the  SI  criteria  of  1000  in  FMVSS  208.  Femur  loads 
were  less  than  the  Japanese  specification  requirements  of  1400 
pounds  and  well  within  the  FMVSS  208  limit  of  1700  pounds.  In 
summary,  dummy  responses  were  all  within  NHTSA-established  in- 
jury criteria  specifications. 

2. 3. 1.3  Conclusions 

The  test  was  highly  successful  in  that  Nissan  compartment 
integrity  was  adequately  maintained  and  all  occupant  responses 
met  established  specifications.  The  AMF  vehicle's  hydraulic  sys- 
tem stroked  almost  19  inches  compared  to  the  29-inch  dynamic 
crush  for  the  Nissan,  indicating  that  the  heavier  AMF  vehicle 
absorbed  a significant  portion  of  the  crash  energy.  The  coeffi- 
cient of  restitution  as  well  as  the  Nissan  vertical  and  pitch 
accelerations  were  determined  since  these  parameters  influence 
restraint  system  performance.  Based  on  the  limited  compartment 
intrusion  and  the  generally  low  levels  of  dummy  response,  a safe 
closing  speed  of  at  least  65  mph  appears  practicable. 

2.3.2  Toyota/AMF  ESVs  Front-to-Front  Impact  at  60  Mph 

2. 3. 2.1  Vehicle  Structural  Response 

The  Toyota  ESV  and  the  AMF-2  ESV  collided  in  a front-to- 
front  head-on  impact  at  a closing  speed  of  59.1  mph.  A summary 
of  vehicle  test  data  is  presented  in  Table  XVI.  A summary  of 
pertinent  crash  test  parameters  is  presented  in  Table  XVII. 

The  test  weight  of  the  Toyota  included  two  dummies  weighing 
334  pounds.  The  AMF/Toyota  weight  ratio  was  1.20.  The  Toyota 
was  initially  stationary  while  the  AMF  was  traveling  forward  at  a 
speed  of  59.1  mph.  The  final  speeds  resulting  from  the  collision 
were  29.0  mph  for  the  AMF  and  35.2  mph  for  the  Toyota.  Thus,  the 
velocity  changes  were  30.1  mph  for- the  AMF  and  35.2  mph  for  the 
Toyota.  The  Toyota/AMF  velocity  change  ratio  was  1.17  - almost 
the  same  as  the  Toyota/AMF  weight  ratio  (1.20).  The  coefficient 
of  restitution  for  this  collision  was  computed  as  e = 0.105, 
which  indicates  a highly  plastic  collision. 
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TABLE  XVI.  SUMMARY  OF  VEHICLE  TEST  DATA 

FOR  TOYOTA/AMF-2  TEST 

Parameter 

AMF- 

2 

Toyota 

English 

Metric 

English 

Metric 

Vehicle  Test  Weight 

4,014  lb 

1,821  kg 

3,350  Ib^^^ 

1,520  kg 

Impact  Speed 

+59.1  mph 

+95.1  km/hr 

0 . 0 mph 

0.0  km/hr 

Final  Speed 

+29.0  mph 
0 0.116  sec 

+46.7  km/hr 
0 0.116  sec 

+35.2  mph 
0 0.116  sec 

+56.6  km/hr 
0 0.116  sec 

Velocity  Change 

30 . 1 mph 

48.4  km/hr 

35.2  mph 

56.6  km/hr 

Maximum  Deceleration 

27 .OG  0 0 . 

022  sec 

50. IG  0 0. 

019  sec 

Post-Test  Crush 

No  Data 

No  Data 

11.1  in. 

28  2 mm 

Dynamic  Crush 

19.5/19.4  in. 
(L/R)  (3) 

495/493  mm 
(L/R) 

17.8  in  . ... 

0 0.051  sec^  ' 

4 52  mm 
0 0.051  sec 

Maximum  Post-test 

Intrusion 

(Left/Right) 

0 in  . 

0 mm 

0/0  in. 

0/0  mm 

(1)  Includes  two  dummies  weighing  334  pounds  (151 

(2)  Maximum  post-test  crush  is  based  on  the  front 
lower  bumper. 

(3)  Based  on  post-test  cylinder  grease  marks. 

(4)  Based  on  film  analysis  of  Toyota  door  and  AMF 

r--  ■ ■ 

kg)  . 

edge  of  Toyota 
bumper  data. 

TABLE  XVII.  SUMMARY  OF  CRASH  TEST  PARAMETERS  FOR 
TOYOTA/AMF-2  TEST 

Parameter 

Value 

Closing  Speed 

59.1  mph  (95.1  km/hr) 

AMF/Toyota  Weight  Ratio 

1.20 

Toyota/AMF  Velocity  Change  Ratio 

1.17 

Coefficient  of  Restitution  (e) 

0.10  5 

Toyota/AMF  Deceleration  Ratio 

1.86 

Maximum  Relative  Crush 

34.8  in.  (884  mm) 
@ 0.078  sec* 

*Based  on  film  analysis  of  Toyota 

and  AMF  door  targets . 
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The  deceleration/time  histories  for  the  AMF  and  Toyota  com- 
partments are  presented  in  Figure  19.  These  curves  are  the  aver- 
age of  right-  and  left-frame  locations.  The  maximum  decelera- 
tion for  the  AMF  was  27. OG  at  0.022  second  and  50. IG  at  0.019 
second  for  the  Toyota.  The  Toyota/AMF  maximum  deceleration 
ratio  was  1.86,  considerably  higher  than  the  AMF/Toyota  weight 
ratio  of  1.20.  However,  the  peak  G for  the  AMF  and  Toyota  com- 
partments occurred  at  slightly  different  times.  The  dynamics  of 
the  bumper  and  engine  masses  at  the  vehicle  interface  apparently 
had  a significant  effect  on  the  AMF  and  Toyota  frame  response 
during  the  early  impact  phase. 


Figure  19.  Deceleration/Tim.e  Histories  for 
Toyota  and  AMF-2  Compartments. 
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The  post-test  strokes  of  the  AMF  cylinders  were  not  mea- 
sured. However,  the  dynamic  strokes  were  19.5  inches  for  the 
left  cylinder  and  19.4  inches  for  the  right,  for  an  average  dy- 
namic stroke  of  19.5  inches.  These  values  are  based  on  post- 
test grease  marks  on  the  cylinders. 

The  maximum  residual  crush  of  the  Toyota,  Figure  20,  was 
only  11.1  inches  based  on  the  deformation  of  the  front  edge  of 
the  Toyota  lower  bumper.  This  low  value  is  attributed  to  the 
rebound  of  the  Toyota  front  energy-absorber  system.  The  crush 
was  not  uniform  over  the  Toyota  front  end.  The  residual  crush 
was  only  6.5  inches  at  the  upper  hood  level.  The  dynamic  crush, 
based  on  a film  analysis  of  the  Toyota  door  target  and  the  AMF 
bumper,  was  17.8  inches  at  0.051  second  after  impact.  The  maxi- 
mum relative  dynamic  crush  (AMF-to-Toyota  deformation)  was  34.8 
inches  at  0.078  second,  based  on  high-speed  film  analysis  of  AMF 
and  Toyota  door  targets.  The  maximum  residual  intrusions  into 
the  Toyota  compartment  were  negligible  and,  therefore,  did  not 
present  any  hazard  to  occupant  safety. 

2. 3. 2. 2 Dummy  Response 

Two  50th  percentile  anthropomorphic  dummies  were  included 
in  the  front  seats  of  the  two-passenger  Toyota  vehicle.  The 
driver  (right-front  position)  and  passenger  were  restrained  by  a 
passive  lap  belt  and  radar-activated  air  bags.  A summary  of 
dummy  response  data  is  presented  in  Table  XVIII.  Dummy  head  re- 
sponses were  well  within  the  80G/3  msec  criteria  in  the  Japanese 
ESV  specification  as  well  as  within  the  HIC  criteria  of  1000  in 
FMVSS  208.  Chest  decelerations  were  within  the  Japanese  criteria 
of  60G,  as  well  as  within  the  SI  criteria  of  1000  in  FMVSS  208. 
Femur  loads  were  within  the  Japanese  specifications  limit  of 
1400  pounds  and  therefore  within  the  1700-pound  limit  of  FMVSS 
208.  In  summary,  dummy  responses  were  all  within  Japanese  and 
U.S.  established  injury  criteria  specifications. 
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Figure  20.  Damage  to  Toyota  ESV  After  Front- 
to-Front  Impact  at  60  mph. 


2. 3. 2. 3 Conclusions 

The  test  was  highly  successful  in  that  Toyota  compartment 
integrity  was  admirably  maintained  and  all  occupant  responses 
met  established  specifications.  The  AMF  vehicle's  hydraulic  sys- 
tem stroked  almost  20  inches  compared  to  the  18 -inch  dynamic 
crush  for  the  Toyota,  indicating  that  the  heavier  AMF  vehicle 
absorbed  a significant  portion  of  the  crash  energy.  The  coeffi- 
cient of  restitution  as  well  as  the  Toyota  vertical  accelerations 
were  determined  since  these  parameters  influence  restraint  system 
performance.  Based  on  the  very  limited  compartment  intrusion  and 
the  generally  low  levels  of  dummy  response,  a safe  closing  speed 
of  at  least  65  mph  appears  practicable. 
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TABLE  XVIII.  DUMMY  RESPONSE  DATA  SUMMARY 

Dummy  Position 
in  Vehicle 

- 

Left 

Right 

Injury 

Parameter 

(Passenger) 

(Driver) 

Criteria 

Dummy  Manufacturer 

Alderson 

Alderson 

Dummy  Percentile 

50th 

50th 

Dummy  Mode  1 

V1P-50A 

VIP-50A 

Dummy  Weight  (lb) 

167 

167 

Head  Acce lerations ^ 

83.4^^^ 

Peak  Resultant  (G) 

44.4 

None 

Time  over  80G  (msec) 

0.3^^^ 

0(2) 

<3<3) 

Severity  Index 

831 

210 

<1,000 

HIC  Index 

451 

151 

<1,000 

Head  Laceration  Index 

0 

0 

Chest  Accelerations 

60 

Peak  Resultant  (G) 

53.9 

29.0 

Time  over  60G  (msec) 

0<2) 

o'2> 

<3 

Severity  Index 

519 

165 

<1,000 

Pelvic  Accelerations 

Peak  Resultant  (G) 

46.9 

54.2 

None 

Femur  Loads 

Peak  Load  - left  (lb) 

908 

566 

[<1,400 

Peak  Load  - right  (lb) 

930 

575 

[<1,700 

Position  immediately 

S louched 

Leaning 

after  impact 

down , 
shifted 
slightly 
left . 

to  right 
30° 

(1)  During  bag  deployment  prior  to  vehicle  impact 
impact,  peak  resultant  was  66. 4G. 

. During 

(2)  Less  than  allowable  duration  of  3 msec  - within  speci- 

f ication . 

(3)  Japanese  ESV  Specification  Criteria. 

(4)  FMVSS  208  Criteria. 
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2.3.3  Fiat  2000/AMF  ESVs  Front-to-Front  Impact  at  75  Mph 


The  Fiat  2000  ESV  and  the  AMF-1  collided  in  a front-to- 
front  head-on  impact  at  a closing  speed  of  74.5  mph.  A summary 
of  vehicle  test  data  is  presented  in  Table  XIX.  A summary  of 
pertinent  crash  test  parameters  is  presented  in  Table  XX. 


TABLE 

XIX.  SUMMARY 

OF  VEHICLE  TEST  DATA  FOR 

FIAT  2000/AMF-l  TEST 

Parameter 

AMF-1 

Fiat  2000 

English 

Metric 

English 

Metric 

Vehicle  Test  Weight 

5,273  lb 

2,392  )<g 

2,436  lb 

1,105  )cg 

Impact  Speed 

+37.3  mph 

+60.0  Km/hr 

-37.3  mph 

-60.0  Icm/hr 

Final  Speed 

+13.5  mph 
@ 0.091  sec 

+ 21.7  )cm/hr 
@ 0.091  sec 

+19.2  mph 
@ 0.091  sec 

+30.9  km/hr 
@ 0.091  sec 

Velocity  Change 

23.8  mph 

38.3  )cm/hr 

56.5  mph 

9 0.9  lon/hr 

Maximum  Deceleration 

26  . 

2 G @ 0. 

025  sec 

64.9  G @ 

0.046  sec 

Post-Test  Crush 

17.0/14.8  in. 

(L/R) 

432/376  mm  (L/R) 

27.9  in.‘ 

709  mm 

Dynamic  Crush 

21.8/16.2  in. 

(L/R)  “ 

554/411  mm  (L/R) 

24.4  in. 

@ 0.065  sec“ ‘ 

62  0 mm 

0 0.065  sec“* 

Maximum  Post-test 

Intrusion 

(Left/Right) 

0 in . 

0 mm 

5. 3/5. 4 in. 

135/137  mm 

‘Maximum  post-test  crush  is  based  on  front  edge  of  Fiat  lower  bumper.  Minimum  crush  was  5.0 
inches  (127  mm)  at  left  upper  corner.  Crush  of  lower  frame  was  less  than  7.2  inches  (183  mm) . 
“Based  on  post-test  cylinder  grease  mar)cs . 

‘“Based  on  film  analysis  of  Fiat  crossmember  and  AMF  bumper  data. 

TABLE  XX.  SUMMy\RY  OF  CRASH  TEST  PARAMETERS  FOR 
FIAT  2000/AMF-l  TEST 

Parameter 

Value 

Closing  Speed 

74,5  mph  (119.9  km/hr) 

AMF/Fiat  Weight  Ratio 

2.16 

Fiat/AMF  Velocity  Change  Ratio 

2.37 

Coefficient  of  Restitution  (e) 

0.077 

Fiat/AMF  Deceleration  Ratio 

2.48 

Maximum  Relative  Crush 

45,4  in.  (1153  mm) 
(3  0.060  sec* 

*Based  on  film  analysis  of  Fiat 

and  AJ'IF  door  targets. 
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2. 3. 3.1  Vehicle  Structural  Response 

The  AMF/Fiat  weight  ratio  was  2.16.  Each  vehicle  was  ini- 
tially traveling  toward  the  other  at  equal  speeds  of  37.3  mph. 
The  final  speeds  resulting  from  the  collision  were  13.5  mph  for 
the  AMF  and  a reversed  speed  of  19.2  mph  for  the  Fiat.  Thus, 
the  velocity  changes  were  23.8  mph  for  the  AMF  and  56.5  mph  for 
the  Fiat.  The  Fiat/AMF  velocity  change  ratio  was  2.37,  almost 
the  same  as  the  AMF/Fiat  weight  ratio  (2.16).  The  coefficient 
of  restitution  for  this  collision  was  computed  as  e = 0.077, 
indicating  a highly  plastic  collision. 

The  deceleration/time  histories  for  the  AMF  and  Fiat  com- 
partments are  presented  in  Figure  21.  These  curves  are  the  aver 
age  of  right-  and  left-frame  locations.  The  maximum  decelera- 
tion for  the  AMF  was  26. 2G  at  0.025  second  and  64. 9G  at  0.046 
second  for  the  Fiat.  The  Fiat/AMF  maximum  deceleration  ratio 
was  2.48,  somewhat  higher  than  the  AMF/Fiat  weight  ratio  of  2.16 
Although  the  peak  G for  the  AMF  and  Fiat  compartments  did  not 
occur  at  the  same  time,  there  is  a transient  G crest  for  the  AMF 
at  the  time  of  the  Fiat  peak  G.  The  dynamics  of  the  Fiat  engine 
mass  and  the  bumper  masses  at  the  vehicle  interface  apparently 
had  a significant  effect  on  AMF  frame  response  during  the  ini- 
tial impact  phase. 

The  static  residual  strokes  of  the  AMF  cylinders  were  17.0 
inches  for  the  left  side  and  14.8  inches  for  the  right.  The  dy- 
namic strokes  of  the  AMF  cylinders  were  21.8  inches  for  the  left 
cylinder  and  16.2  inches  for  the  right,  for  an  average  dynamic 
stroke  of  19.0  inches.  These  values  are  based  on  post-test 
grease  marks  on  the  cylinders.  The  unequal  stroking  may  have 
been  caused  by  the  dynamics  of  the  Fiat  front-wheel  drive  engine 
configuration  which  has  the  engine  located  toward  the  right  side 
of  the  vehicle.  However,  an  upper  fitting  failure  at  the  AMF 
right  bumper  hinge  may  have  contributed  to  the  unequal  stroking. 
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Figure  21.  Deceleration/Time  Histories  for 

Fiat  2000  and  AMF-1  Compartments. 

The  maximum  static  residual  crush.  Figure  22,  of  the  Fiat 
was  27.9  inches  based  on  the  deformation  of  the  front  edge  of 
the  Fiat  lower  bumper.  The  crush  was  not  uniform  over  the  Fiat 
front  with  the  residual  crush  being  only  5.0  inches  at  the  left 
upper  corner  of  the  hood.  The  crush  of  the  lower  frame  was  ap- 
proximately 7.2  inches.  The  dynamic  crush,  based  on  a film 
analysis  of  the  Fiat  crossmember  target  and  the  AMF  bumper,  was 
24.4  inches  at  0.065  second  after  impact.  The  maximum  relative 
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Figure  22.  Damage  to  Fiat  2000  ESV  After  Front- 
to-Front  Impact  at  75  mph. 

dynamic  crush  (AMF-to-Fiat  deformation)  was  45.4  inches  at  0.060 
second,  based  on  high-speed  film  analysis  of  AMF  and  Fiat  door 
targets . 

The  maximum  residual  intrusions  into  the  Fiat  compartment 
were  5.3  inches  on  the  left  side  and  5.4  inches  on  the  right 
side.  These  deformations  were  near  the  firewall  centerline  and 
would  not  present  any  real  hazard  to  occupant  safety. 

2. 3. 3. 2 Conclusions 

The  test  was  successful  in  that  Fiat  occupant  compartment 
integrity  was  adequately  maintained.  The  AMF  vehicle's  hydraulic 
system  stroked  16  to  22  inches  compared  to  the  24-inch  dynamic 
crush  for  the  Fiat,  indicating  that  the  heavier  AMF  vehicle 
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absorbed  a significant  portion  of  the  crash  energy.  Since  no 
restraint  systems  were  provided  in  this  Fiat  structural  test  ve- 
hicle, dummies  were  not  used  and  occupant  injury  evaluation  was 
not  determined. 

2.3.4  Fiat  2500A/AMF  ESVs  Front-to-Front  Impact  at  75  Mph 

The  Fiat  2500A  ESV  and  the  AMF-1  collided  in  a front-to- 
front  head-on  impact  at  a closing  speed  of  75.6  mph.  A summary 
of  vehicle  test  data  is  presented  in  Table  XXI.  A summary  of 
pertinent  crash  test  parameters  is  presented  in  Table  XXII. 


TABLE-  iXXI.  SUMMARY  OF  VEHICLE  TEST  DATA  FOR 

FIAT  2500A/AMF-1  TEST 

AMF-1 

Fiat  2500A 

Pa  rameter 

Eng  1 ish 

Metric 

English 

Metric 

Vehicle  Test  Weiqht 

5,273  lb 

2 , 392  kg 

2,688  lb 

1,219  kg 

Impact  Speed 

+37. 8 mph 

+60. 8 km/hr 

-37.8  mph 

-60.8  km/hr 

Final  Speed 

+11.4  mph 
a 0.087  sec 

+18.3  km/hr 
0 0.087  sec 

+18.3  mph 
0 0.087  sec 

+29.5  km/hr 
0.087  sec 

Velocity  Change 

26.4  mph 

42.5  km/hr 

56.1  mph 

90.3  km/hr 

Maximum  Deceleration 

28.70  a 

0.024  sec 

64. 5G  % 

0.031  sec 

Post-Test  Crush 

18.5/18.1  in.  (L/R) 

470/460  mm  (L/R) 

16.5  in. • 

419  mm 

Dynamic  Crush 

19.8/18.8  in.  (L/R)++ 

503/478  mm  (L/R) 

23.9  in. 

0 0.048  sec+++ 

607  mm 

fa  0.048  sec*** 

Maximum  Post-Test 
Intrusion  (Left/ 
Right) 

0 in . 

0 mm 

2.6/4. 5 in. 

66/114  mm 

•Maximum  post-test 
••Based  on  post-test 
•••Based  on  film  anal 

crush  is  based  on  front  edge  of  Fiat  lower  bumper, 
cylinder  grease  marks. 

ysis  of  Fiat  crossmember  and  AMF  bumper  data. 

TABLE  XXII.  SUMMARY  OF  CRASH  TEST  PARAMETERS 
FOR  FIAT  2500A/AMF-1  TEST 

Parameter 

Value 

Closing  Speed 

75.6  mph  (121.7  km/hr) 

AMF/Fiat  Weight  Ratio 

1.96 

Fiat/AMF  Velocity  Change  Ratio 

2.13 

Coefficient  of  Restitution  (e) 

0.091 

Fiat/AMF  Deceleration  Ratio 

2.25 

Maximum  Relative  Crush 

42.9  in.  (1,090  mm) 

@ 0.054  sec* 

*Based  on  film  analysis  of  Fiat  and  AMF  door  targets. 
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2. 3. 4.1  Vehicle  Response 

The  test  weight  of  the  AMF  was  5273  pounds,  and  the  Fiat 
was  2688  pounds.  The  AMF/Fiat  weight  ratio  was  therefore  1.96. 
Each  vehicle  was  initially  traveling  toward  the  other  at  equal 
speeds  of  37.8  mph . The  final  speeds  resulting  from  the  colli- 
sion were  11.4  mph  for  the  AMF  and  a reversed  speed  of  18.3  mph 
for  the  Fiat.  Thus,  the  velocity  changes  were  26.4  mph  for  the 
AMF  and  56.1  mph  for  the  Fiat.  The  Fiat/AMF  velocity  change 
ratio  was  2.13,  almost  the  same  as  the  AMF/Fiat  weight  ratio 
(1.96).  The  coefficient  of  restitution  for  this  collision  was 
computed  as  e = 0.091,  indicating  a highly  plastic  collision. 

The  deceleration/time  histories  for  the  AMF  and  Fiat  com- 
partments are  presented  in  Figure  23.  These  curves  are  the  aver 
age  of  right-  and  left-frame  locations.  The  maximum  decelera- 
tion for  the  AMF  was  28. 7G  at  0.024  second  and  64. 5G  at  0.031 
second  for  the  Fiat.  The  Fiat/AMF  maximum  deceleration  ratio 
was  2.25,  somewhat  higher  than  the  AMF/Fiat  weight  ratio  of  1.96 
Although  the  peak  G for  the  AMF  and  Fiat  compartments  did  not 
occur  at  the  same  time,  there  is  a transient  G crest  for  the  AMF 
at  the  time  of  the  Fiat  peak  G.  The  dynamics  of  the  Fiat  engine 
mass  and  the  bumper  masses  at  the  vehicle  interface  apparently 
had  a significant  effect  on  AMF  frame  response  during  the  ini- 
tial impact  phase. 

The  static  residual  strokes  of  the  AMF  cylinders  were  18.5 
inches  for  the  left  side  and  18.1  inches  for  the  right.  The  dy- 
namic strokes  of  the  AMF  cylinders  were  19.8  inches  for  the  left 
cylinder  and  18.8  inches  for  the  right,  for  an  average  dynamic 
stroke  of  19.3  inches.  These  values  are  based  on  post-test 
grease  marks  on  the  cylinders. 

The  maximum  static  residual  crush  of  the  Fiat  was  16.5 
inches  based  on  the  deformation  of  the  front  edge  of  the  Fiat 
lower  bumper.  The  crush  was  not  uniform  over  the  Fiat  front 
with  the  residual  crush  at  the  center  of  the  upper  bumper  being 
12.6  inches.  The  dynamic  crush,  based  on  a film  analysis  of  the 
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Figure  23.  Deceleration/Time  Histories  for  Fiat 
2500A  and  AMF-1  Compartments 

Fiat  door  target  and  the  AMF  bumper,  was  23.9  inches  at  approxi- 
mately 0.048  second  after  impact.  The  maximum  relative  dynamic 
crush  (AMF-to-Fiat  deformation)  was  42.9  inches  at  approximately 
0.054  second,  based  on  high-speed  film  analysis  of  AMF  and  Fiat 
door  targets. 

The  maximum  residual  intrusions  into  the  Fiat  compartment 
were  2.6  inches  on  the  left  side  and  4.5  inches  on  the  right 
side.  These  deformations  were  near  the  firewall  centerline  and 
would  not  present  any  real  hazard  to  occupant  safety. 
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2. 3. 4. 2 Conclusions 


The  test  was  successful  in  that  Fiat  occupant  compartment 
integrity  was  adequately  maintained.  The  AMF  vehicle's  hydraulic 
system  stroked  19  to' 20  inches  compared  to  the  24-inch  dynamic 
crush  for  the  Fiat,  indicating  that  the  heavier  AMF  vehicle  ab- 
sorbed a significant  portion  of  the  crash  energy.  Since  no  re- 
straint systems  were  provided  in  this  Fiat  structural  test  vehi- 
cle, dummies  were  not  used  and  occupant  injury  evaluation  was 
not  determined. 

2.3.5  Fiat  2500B/AMF  ESVs  Front-to-Front  Impact  at  50  Mph 

The  Fiat  2500B/AMF-1  f ront-to-f ront  test  was  conducted  by 
towing  the  two  vehicles  together  at  a closing  speed  of  49.3  miles 
per  hour.  The  Fiat  ESV  contained  two  instrumented  anthropomor- 
phic dummies  in  the  vehicle's  front  seats.  The  left  seat  con- 
sisted of  a standard  bucket  seat  with  a force-limiting  lap/ 
shoulder  belt,  while  the  right  seat  was  an  energy-absorbing  ex- 
perimental seat  to  which  a lap/shoulder  belt  was  attached. 

The  vehicle  interior  was  configured  for  testing  two  passen- 
ger seats,  i.e.,  the  steering  wheel  had  been  removed  and  a padded 
dash  installed  across  the  width  of  the  vehicle.  There  was  no 
other  interior  padding  in  the  Fiat. 

2. 3. 5.1  Vehicle  Response 

A summary  of  vehicle  test  data  is  presented  in  Table  XXIII. 
Pertinent  crash-test  parameters  are  summarized  in  Table  XXIV. 

Each  vehicle  was  initially  traveling  toward  the  other  at 
equal  speeds  of  24.66  mph.  Following  the  impact,  the  Fiat  re- 
bounded rearward  at  a velocity  of  approximately  9.9  mph  while  the 
AMF  continued  forward  at  a speed  of  approximately  4.8  mph.  Thus, 
the  Fiat/AMF  velocity  change  ratio  was  1.74  which  approximates 
the  AMF/Fiat  weight  ratio  of  1.64.  The  coefficient  of  restitu- 
tion for  this  collision  was  computed  as  e = 0.10,  indicating  a 
highly  plastic  collision. 
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TABLE  XXIII.  SUMMARY  OF  VEHICLE  TEST  DATA  FOR 

FIAT  2500B/AMF-1  TEST 

AMF-1 

Fiat  2500B 

Parameter 

English 

Metric 

English 

Metric 

Vehicle  Test  Weight 

5,273  lb 

2,392  kg 

3,218  lb 

1,460  kg 

Impact  Speed 

24.66  mph 

39.7  km/hr 

24.66  mph 

39.7  km/hr 

Final  Speed 

4 . 8 mph 
@ 0.108  sec 

7 . 7 km/hr 
0 0.108  sec 

-9.9  mph 
0 0.108  sec 

-15.9  km/hr 
0 0.108  sec 

Velocity  Change 

19.9  mph 

32.0  km/hr 

34.6  mph 

55.7  km/hr 

Maximum  Deceleration 

19. 4G  @ 0 

.030  sec 

39. 4G  0 0 

.050  sec 

Average  Deceleration 

8. : 

G 

14.3  G 

Post-Test  Crush 

6.9  in . 

175  mm 

11.9  in. 

30?  mm 

Dynamic  Crush* 
Maximum  Post-Test 

14.6  in. 

@ 0.105  sec 

371  mm 
0 0.105  sec 

16.5  in. 

0 0.055  sec 

419  mm 
0 0.055  sec 

Intrusion 

0 in. 

0 mm 

1.0  in . 

25.4  mm 

*Based  on  past-test  cylinder  grease  marks 

TABLE  XXIV.  SUMMARY  OF  CRASH  TEST  PARAMETERS 
FOR  FIAT  2500B/AMF-1  TEST 

Parameter 

Value 

Closing  Speed 

49.32  mph  (79.4  kra/hr) 

AMF/Fiat  Weight  Ratio 

1.64 

Fiat/AMF  Velocity  Change  Ratio 

1.74 

Coefficient  of  Restitution  (e) 

0.10 

Fiat/AMF  Average  Deceleration  Ratio 

1.74 

Maximum  Instantaneous  Relative  Crush 

30.4  in.  (772  mm) 
0 0.070  sec 
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The  deceleration/time  histories  for  the  AMF  and  Fiat  frames 
are  shown  in  Figure  24.  The  maximum  deceleration  for  the  Fiat 
was  about  twice  that  of  the  AMF  (39G  versus  19G) , somewhat  higher 
than  expected  from  the  AMF/Fiat  weight  ratio  of  1.64.  However, 
the  peak  decelerations  of  the  two  vehicles  did  not  occur  at  the 
same  time.  Average  decelerations  of  the  vehicles,  computed  by 
dividing  the  velocity  changes  by  the  duration  of  the  crash  (0.110 
sec),  were  14. 3G  for  the  Fiat  versus  8 . 2G  for  the  AMF.  Thus, 
the  Fiat/AMF  average  deceleration  ratio  was  1.74,  which  more 
closely  approximates  the  AMF/Fiat  weight  ratio. 
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Figure  24.  Frame  Acceleration  Responses  of  AMF  and  Fiat  2500B. 
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The  maximum  relative  dynamic  crush  (AMF-to-Fiat  deformation) 
of  30.4  inches  occurred  70  msec  after  impact.  Figure  25.  This 
combined  maximum  crush  occurred  slightly  later  than  the  maximum 
Fiat  crush  (55  msec)  but  before  the  maximum  stroke  of  the  AMF 
cylinders  (105  msec).  The  AMF  vehicle's  hydraulic  system  stroked 
almost  15  inches  compared  to  the  16.5-inch  dynamic  crush  of  the 
Fiat,  indicating  that  the  heavier  AMF  vehicle  absorbed  a signifi- 
cant portion  of  the  crash  energy  which  would  otherwise  have  been 
transmitted  to  the  smaller  vehicle. 


Figure  25.  Damage  to  Fiat  2500B  ESV  After  Front- 
to-Front  Impact  at  50  mph. 
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2. 3. 5. 2 Duminy  Response 

A summary  of  dummy  response  data  is  presented  in  Table  XXV 
along  with  injury  criteria  presented  in  the  original  ESV  specifi- 
cation and  FMVSS  208,  All  dummy  responses  were  well  within  exist- 
ing injury  criteria  specifications  with  the  possible  exception  of 
the  left  dummy  head.  The  high  head  acceleration  experienced  dur- 
ing the  dummy's  rebound  was  caused  by  the  dummy's  head  hitting 
the  unpadded  "B"  pillar.  Had  the  "B"  pillar  been  padded,  as 
would  be  the  case  in  a complete  prototype  vehicle,  the  accelera- 
tion would  have  been  considerably  less.  This  blow  resulted  in 
the  total  severity  index  (SI)  exceeding  the  specified  limit,  al- 
though the  SI  experienced  during  the  initial  deceleration  was 
well  within  the  1000  limit.  The  HIC  value  calculated  during  the 
time  the  head  was  actually  in  contact  with  the  vehicle  (per  FMVSS 
208)  was  590,  well  below  the  1000  limit. 

The  right  energy-absorbing  seat  stroked  forward  4.1  inches 
during  the  impact.  The  stroke  occurred  over  a time  period  of  41 
msec,  starting  before  the  Fiat  forward  velocity  dropped  to  zero 
and  continuing  during  the  initial  part  of  the  vehicle  rebound. 

The  effectiveness  of  the  seat  was  apparent  in  the  well  controlled 
trajectory  of  its  occupant  and  the  significantly  lower  pelvic  ac- 
celeration of  the  right  dummy  as  compared  to  the  left. 

2. 3. 5. 3 Conclusions 

This  test  successfully  demonstrated  that  the  problems  of 
small  car/large  car  compatibility  and  aggressiveness  in  frontal 
impact  can  be  alleviated.  The  effectiveness  of  the  energy- 
absorbing seat  indicates  that  human  survival  would  be  possible  in 
considerably  more  severe  crashes  than  experienced  during  this 
test . 

2.3.6  Toyota/AMF  ESVs  Front- to-Rear  Impact  at  60  Mph 
2. 3. 6.1  Vehicle  Structural  Response 

The  AMF-2  ESV  impacted  the  rear  of  the  Toyota  ESV  at  a speed 
of  60.4  mph.  A summary  of  vehicle  test  data  is  presented  in 
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TABLE  XXV.  SUMMARY  OF  DUMMY  RESPONSE  DATA 

Left 

Right 

Injury 

Measurand 

Dummy 

Dummy 

Criteria 

Initial  Head  Accelerations 

Peak  Resultant  G 

57 

58 

None 

Time  over  80G  (msec) 

0 

0 

< 3 

Severity  Index 
(0  to  200  msec) 

536 

421 

< 1,000 

Rebound  Head  Accelerations 

Peak  Resultant  G 

157 

21 

None 

Time  over  80G  (msec) 

3 

0 

< 3 

Severity  Index 
(0  to  400  msec) 

1,294 

495 

< 1,000 

HIC 

590 

NA 

< 1,000 

Chest  Accelerations 

Peak  Resultant  G 

37 

44 

< 60 

Severity  Index 
(0  to  400  msec) 

202 

353 

< 1,000 

Pelvic  Accelerations 

Peak  Resultant  G 

65 

48 

None 

Femur  Loads 

Peak  Load  - Left  (lb) 

669 

811 

< 1,700 

Peak  Load  - Right  (lb) 

679 

681 

< 1,700 

Table  XXVI.  Pertinent  crash  test  parameters  are  summarized  in 
Table  XXVII. 

The  test  weight  of  the  AMF  was  4036  pounds,  and  that  of  the 
Toyota  was  3203  pounds.  The  Toyota  weight  included  two  dummies 
weighing  334  pounds.  The  AMF/Toyota  weight  ratio  was  therefore 
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TABLE 

XXVI.  SUMMARY  OF  VEHICLE  TEST  DATA  FOR  TOYOTA/AMF-2  TEST 

Parameter 

AMF- 

2 

Toyota 

English 

Metric 

English 

Metric 

Vehicle  Test  Weight 

4036  lb 

1831  kg 

3203  lb 

1453  kg 

Impact  Speed 

60.4  mph 

97.1  km/hr 

0 . 0 mph 

0 . 0 km/hr 

Final  Speed 

29.9  mph 
@ 0.115  sec 

48.1  km/hr 
0 0.115  sec 

37.6  mph 
0 0.115  sec 

60.5  km/hr 
0 0.115  sec 

Velocity  Change 

30.5  mph 

49.1  km/hr 

37.6  mph 

60.5  km/hr 

Maximum  Deceleration 

22.7  G (? 

0.014  sec 

67.4  G 0 

0.008  sec 

Average  Deceleration 

11. 

3G 

15 

6G 

Post-Test  Crush 

15.3/15.1  in.  (L/R) 

389/384  mm 

(L/R) 

22.5/25.5  in. (L/R) 

572/648  mm  (L/R) 

Dynamic  Crush 

16.6/15.6  in.  (L/R) 

422/396  mm 

(L/R) 

No  Data 

No  Data 

Maximum  Post-test 

Intrusion 

(Left/Right) 

0 in. 

0 mm 

1.7  in. 

4 3 mm 

TABLE  XXVII.  SUMMARY  OF  CRASH  TEST  PARAMETERS 
FOR  TOYOTA/AMF-2  TEST 

Parameter 

Value 

Impact  Speed 

60.4  mph  (97.1  km/hr) 

AMF/Toyota  Weight  Ratio 

1.26 

Toyota/AMF  Velocity  Change  Ratio 

1.23 

Coefficient  of  Restitution  (e) 

0.127 

Toyota/AMF  Average  Deceleration 

Ratio 

1.38 

Maximum  Relative  Crush  (inch)* 

46.2/48.4  in.  (L/R) 

(1173/1229  mm)  (L/R) 

*Based  on  film  analysis  of  Toyota  and  AMF  door  targets. 

1.26.  The  Toyota  was  initially  stationary  while  the  AMF  was  trav- 
eling at  a speed  of  60.4  miles  per  hour.  The  Toyota  was  acceler- 
ated to  a maximum  velocity  of  37.6  mph  while  the  AMF  velocity 
dropped  to  29.9  mph.  Thus,  the  velocity  changes  were  30.5  mph 
for  the  AMF  and  37.6  mph  for  the  Toyota.  The  Toyota/AMF  velocity 
change  ratio  was  1.23  - almost  the  same  as  the  Toyota/AMF  weight 
ratio  (1.26),  as  expected  from  conservation  of  momentum  consider- 
ations. The  coefficient  of  restitution  for  this  collision  was 
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computed  as  e = 0.127,  which  indicates  a highly  plastic  colli- 
sion . 

The  deceleration/time  histories  for  the  AMF  and  Toyota  com- 
partments are  presented  in  Figure  26.  The  maximum  acceleration 
for  the  Toyota  was  almost  three  times  that  of  the  AMF  (67G  versus 
23G) . However,  the  Toyota  exhibited  a high  initial  peak  acceler- 
ation not  typical  of  the  overall  pulse.  A more  meaningful  com- 
parison may  be  made  between  the  average  decelerations,  computed 
by  dividing  the  velocity  changes  by  the  duration  of  the  decelera- 
tion pulse.  The  average  decelerations  were  15. 6G  for  the  Toyota 
and  11. 3G  for  the  AMF.  Thus,  the  Toyota/AMF  average  deceleration 
ratio  is  1.38,  which  more  closely  approximates  the  AMF/Toyota 
weight  ratio  of  1.26. 

The  post-test  strokes  (crush)  of  the  AMF  cylinders  are  tabu- 
lated in  Table  XXVI.  The  dynamic  stroke,  the  more  meaningful 
crash  parameter,  was  16.5  inches  for  the  left  cylinder  and  15.6 
inches  for  the  right,  for  an  average  dynamic  stroke  of  16.1 

inches.  These  values  are  based  on  post-test  grease  marks  on  the 

cylinders . 

The  dynamic  crush  of  the  Toyota  could  not  be  determined  from 

the  test  films  due  to  the  structural  interaction  between  the  ve- 

hicles. The  maximum  residual  crush  of  the  Toyota  was  25.5  inches 
based  on  the  deformation  of  the  right  rear  of  the  Toyota,  Figure 
27.  The  crush  was  not  uniform  over  the  Toyota  rear  end;  the  re- 
sidual crush  was  22.5  inches  at  the  left  rear  for  an  average 
crush  of  24  inches.  The  maximum  residual  intrusions  into  the 
Toyota  compartment  were  negligible  and  therefore,  did  not  present 
any  hazard  to  occupant  safety.  The  fuel  tank  was  undamaged,  so 
there  was  no  threat  of  post-crash  fire. 

2. 3. 6. 2 Dummy  Response 

Two  50th  percentile  anthropomorphic  dummies  (Alderson  VIP- 
50A)  were  included  in  the  front  seats  of  the  two-passenger  Toyota 
vehicle.  The  driver  (right  front  position)  and  passenger  were 
restrained  by  a passive  lap  belt  and  the  integral  headrest  of  the 
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Figure  26.  Deceleration/Time  Histories  of  Toyota  and 
AMF-2  Compartments. 

seats.  A summary  of  dummy  response  data  is  presented  in  Table 
XXVIII.  Dummy  head  responses  were  well  within  the  SI  and  HIC 
criteria  of  1000.  Chest  accelerations  were  within  the  60G/3 
milliseconds  criteria.  Femur  loads  were  well  within  the  allow- 
able limit  of  1700  pounds.  Therefore,  dummy  responses  were  all 
within  existing  injury  criteria  specifications.  Furthermore,  an 
evaluation  of  dummy  responses  indicates  that  the  probability  of 
whiplash  was  nil. 

2. 3. 6. 3 Conclusions 

The  test  was  successful  in  that  Toyota  compartment  integrity 
was  adequately  maintained  and  all  occupant  responses  met  estab- 
lished specifications.  The  AMF  vehicle's  hydraulic  system  stroked 
almost  16  inches  compared  to  the  2 4 -inch  dynamic  crush  for  the 
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Figure  27.  Damage  to  Toyota  ESV  After  Front- 
to-Rear  Impact  at  60  mph. 

Toyota,  indicating  that  the  heavier  AMF  vehicle  absorbed  a sig- 
nificant portion  of  the  crash  energy.  Based  on  the  very  limited 
compartment  intrusion  and  the  generally  low  levels  of  dummy  re- 
sponse, a safe  closing  speed  of  at  least  65  mph  appears  practi- 
cable . 

2.3.7  General  Crash  Injury  Conclusions 

One  may  note  throughout  this  series  of  tests  that  the 
energy-absorbing  bumper  system  of  the  larger  AMF  ESV  helped  to 
decrease  the  severity  of  the  impact  results  for  the  smaller  ESVs. 
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TABLE  XXVIII.  SUMMARY  OF  VEHICLE  TEST 

DATA  FOR  TOYOTA/AMF 

-2  TEST 

Dummy  Position 

in  Vehicle 

Parameter 

Left  (Passenger) 

Right  (Driver) 

Injury  Criteria 

Dummy  Manufacturer 

Alderson 

Alderson 

Dummy  Percentile 

50th 

50  th 

Dummy  Model 

VIP-50A 

VIP-50A 

Dummy  Weight  (lb) 

167 

167 

Head  Accelerations 

Peal<  Resultant  (G) 

65 

42 

None 

Time  over  80G  (msec) 

0 

0 

<3* 

Severity  Index 

650 

286 

<1000 

HIC  Index 

560 

225 

<1000** 

Head  Laceration  Index 

0 

0 

Chest  Accelerations 

Pea)c  Resultant  (G) 

58 

39 

60* 

Time  over  60G  (msec) 

0 

0 

<3 

Severity  Index 

355 

204 

<1000** 

Pelvic  Accelerations 

Pealc  Resultant  (G) 

44 

31 

None 

Femur  Loads 

Pealc  Load  - left  (lb) 

1106 

789 

<1400* 

Pealc  Load  - right  (lb) 

917 

682 

< 1700** 

Position  immediately 
after  impact 

Upright  in  seat. 

In  seat  - leaning 
against  center 
divider . 

‘Japanese  ESV  Specification  criteria. 
**FMVSS  208  criteria. 
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3.0  ESV  MODELING  ANALYSIS 


Dynamic  Science  conducted  mathematical  modeling  analyses  of 
representative  ESV  vehicle-to-barrier  and  vehicle-to-vehicle  im- 
pacts using  the  Dynamic  Science  version  of  the  Four-Mass-per-Car 
Collinear  Collision  Model  (FMCCM)  computer  program.  The  objec- 
tive of  these  analyses  was  to  investigate  the  feasibility  of 
using  barrier  crash  test  data  for  modeling  vehicles  in  vehicle- 
to-vehicle  collisions  and  to  obtain  a better  understanding  of 
ESV  behavior  during  the  actual  ESV/AMF  crash  tests. 

A mathematical  model  was  established  for  the  5200-pound 
AMF-1  ESV  based  on  its  hydraulic  cylinder  design  characteristics 
and  the  data  obtained  from  a 30-mph  flat  barrier  crash  test 
(Reference  1) . A mathematical  model  was  also  established  for 
the  Fiat  2500  ESV  based  on  the  actual  structural  design  and  on 
published  Fiat  data  for  a 50-mph  flat  barrier  test  (Reference  2) . 
These  models  are  described  in  the  appendix.  Figures  A-1  and  A-2. 

After  tuning  the  barrier  crash  models  to  obtain  reasonable 
analysis/test  correlation  of  major  crash  parameters  (Table  A-I, 
Figures  A-3  and  A-4) , a mathematical  model  for  the  Fiat  2500A/ 
AMF-1  front-to-f ront  collision  was  established  (Figure  A-5) . 

This  vehicle-to-vehicle  model  was  based  on  the  previous  barrier 
crash  models  for  the  AMF-1  and  the  Fiat  2500A.  The  car-to-car 
model  was  then  used  to  predict  the  crash  response  of  the  AMF-1/ 
Fiat  2500  collision  conducted  at  a closing  speed  of  75  mph  (Ref- 
erence 3) . A comparison  of  crash  analysis  and  test  results  for 
this  car-to-car  collision  is  presented  in  Table  A-II,  Figure  A-6 
and  Figure  A-7  of  the  appendix. 

The  results  of  these  analyses  suggest  that  reasonable  predic- 
tions for  maximum  dynamic  crush  and  total  velocity  change  (AV) 
may  be  obtained  for  complex  vehicle-to-vehicle  collisions  using 
simple  models  based  on  structural  data  derived  from  rigid  flat 
barrier  tests.  However,  improved  predictions  for  detailed  vehi- 
cle acceleration  response  will  require  more  sophisticated  mathe- 
matical models  and  perhaps  the  use  of  rigid  shaped  barriers 
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to  better  simulate  structural  modes  of  deformation  in  specific 
vehicle-to-vehicle  collisions. 
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APPENDIX 

DETAILED  RESULTS  OF  ESV  MODELING  ANALYSES 


A-1 


AMF 

COMPARTMENT 


ENGINE 


BUMPER 


BARRIER 


in 


LUMPED  MASSES 


«11 

= COMPARTMENT  WEIGHT 

EA 

111 

“l2 

= ENGINE  WEIGHT* 

EA 

112 

«14 

= BUMPER/CYLINDER  WEIGHT 

EA 

131 

“24 

= BARRIER  (10^^  POUNDS) 

EA 

171 

EA 

172 

*NO  ENGINE  IN  4,000-POUND  AMF-2  ESV 


ENERGY  ABSORBERS 
= ENGINE  MOUNTING  SPRING 
= VISCOUS  DAMPER 
= HYDRAULIC  ABSORBERS 
= BUMPER  SPRING 
= VISCOUS  DAMPER 


Figure  A-1.  AMF  ESV/Barrier  Model. 
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FIAT 


FRAME 


LUMPED  MASSES  ENERGY  ABSORBERS 


«14 

= BARRIER  (10^^  POUNDS) 

EA 

171 

= 

BUMPER  SPRING 

“21 

= COMPARTMENT  WEIGHT 

EA 

172 

= 

VISCOUS  DAMPER 

“22 

= ENGINE  WEIGHT 

EA 

211 

= 

FIREWALL  SPRING 

“23 

= FRONT  FRAME  WEIGHT 

EA 

221 

= 

AFT  STRUCTURAL  SPRING 

«24 

= FRONT  BUMPER  WEIGHT 

EA 

222 

= 

VISCOUS  DAMPER 

EA 

241 

= 

ENGINE  MOUNT  SPRING 

EA 

251 

= 

FRONT  STRUCTURAL  SPRING 

Figure  A-2. 


Fiat  ESV/Barrier  Model. 
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TABLE  A-I . COMPARISON  OF  SIMULATION  AND  TEST 
RESULTS  FOR  FIXED  BARRIER  IMPACTS 

AMF-1  ESV 

Fiat  2500A 

Parameter 

Simulation 

Test* 

Simulation 

Test* 

Vehicle  Weight  (lb) 

5273 

5273 

2940 

'\.2500 

Vehicle  Speed  (mph) 

30.0 

30.2 

49.6 

49.6 

Maximum  Dynamic 
Crush  (in.) 

17.7 

18.9/18.5 

(L/R) 

29.1 

30.3** 

Time  (msec) 

68 

105 

50 

53 

Total  AV  (mph) 

34.6 

33.4 

71.3 

55.9 

Time  (msec) 

87 

201 

67 

80 

Maximum  Compartment 
Acceleration  (G) 

-27.6 

-35.3 

-89.9 

1 

00 

00 

• 

o 

Time  (msec) 

13 

9 

47 

46 

*AMF-1/Barrier  test  data  reported  in  Reference  1;  Fiat  2500/ 
Barrier  test  data  reported  in  Reference  2. 

**Dynamic  crush  based  on  integration  of  deceleration  data. 
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AMF-1  PASSENGER  COMPARTMENT  ACCELERATION  - 100  HZ  FILTER 


m • 
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Figure  A-3.  Comparison  of  Barrier  Test  and  Simulation  o 
AMF-1  Compartment  Acceleration/Time  History 


I FIAT  2500  PASSENGER  COMPARTMENT  ACCELERATION  - 100  HZ  FILTER 
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Figure  A-4.  Comparison  of  Barrier  Test  and  Simulation  of  Fiat 
2500  Compartment  Acceleration/Time  History. 


amf  vehicle  fiat 

COMPARTMENT  ENGINE  BUMPER  INTERFACE  BUMPER  ENGINE  COMPARTMENT 


eo08o/;os 
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TABLE  A-II.  COMPARISON  OF  SIMULATION  AND  TEST  RESULTS  FOR  AMF-1/ 
FIAT  2500A  VEHICLE-TO-VEHICLE  COLLISION  AT  75  MPH 

AMF-1 

Fiat  2500A 

Parameter 

Simulation 

Test* 

Simulation 

Test* 

Vehicle  Weight  (lb) 

5273 

5273 

2940 

2688 

Vehicle  Speed  (mph) 

37.5 

37.8 

-37.5 

-37.8 

Maximum  Dynamic 
Crush  (in.) 

19.4 

19.8/18.8 

(L/R) 

24.6 

23.9 

Time  (msec) 

68 

135 

48 

48 

Total  AV  (mph) 

29.3 

26.4 

57.6 

56.1 

Time  (msec) 

73 

87 

100 

87 

Maximum  Compartment 
Acceleration  (G) 

50.9 

28.7 

57.0 

64.5 

Time  (msec) 

21 

24 

18 

31 

♦Based  on  vehicle-to-vehicle  crash  test  data  in  Reference  3. 
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Figure  A-6.  Comparison  of  Vehicle-to-Vehicle  Test  and  Simulation  Results 
of  AMF-1  Compartment  Acceleration/Time  History. 
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Figure  A-7.  Comparison  of  Vehicle-to-Vehicle  Test  and  Simulation  Results 
of  Fiat  2500  Compartment  Acceleration/Time  History. 
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